To identify patterns of opioid analgesic use and determine predictors of persistent opioid use among people without cancer.
Introduction
Chronic non-cancer pain (CNCP) is highly prevalent worldwide [1] and has been shown to have a marked negative effect on functional capacity and quality of life [2, 3] . Treatment of CNCP requires individualization of both nonpharmacological and pharmacological interventions; however, prescribing opioids for CNCP remains controversial and multiple best-practice guidelines have been published to minimize inappropriate use and harms [4, 5] . It is estimated that the worldwide use of opioid analgesics has doubled over the past decade to 7.35 billion defined daily doses per annum [6] . Opioid utilization in the United States (US), Canada, Western Europe, Australia and New Zealand is particularly high. These countries collectively account for 17% of the world's population but 92% of overall opioid utilization [7] . Although the increase in utilization alone is not necessarily problematic, long-term opioid analgesic use has been associated with excess morbidity and mortality worldwide, including harm resulting from misuse [8] [9] [10] [11] .
Despite uncertainty about the benefits of long-term opioid analgesic use in the treatment of CNCP, there is clear evidence of significant harms [12] . In order to reduce harm from long-term opioid analgesic use, it is firstly necessary to understand who is at greatest risk of long-term or persistent use. A recent US study found that characteristics of the initial opioid prescription such as number of days supplied and cumulative dose ≥700 mg oral morphine equivalents (OMEs) predicted continued opioid use for up to 3 years following treatment of acute pain [13] . Furthermore, Quinn et al. [14] found people with depressive disorders had double the risk of transitioning to long-term opioid use, as did people who were dispensed benzodiazepines prior to opioid initiation. Moreover, Thielke et al. [15] found that the likelihood of long-term opioid use was increased among those with higher problem opioid risk scores. This score, found to predict problem opioid use, is a composite measure of a range of individual characteristics including age ≤65 years, being a current smoker and having a history of a mental health disorder, hepatitis C, and abuse/dependence with opioids, alcohol or other substances [16] . Rogers et al. [17] found that poorer selfreported physical functional level was the strongest predictor of long-term opioid use in people with concessional beneficiaries and aged ≥45 years in New South Wales, Australia.
The predictors of long-term opioid analgesic use have not previously been studied in all of Australia. This knowledge is necessary to enable clinicians to consider and reduce the future risk of harms at the time of treatment initiation. Currently, clinical treatment guidelines recommend that specific tools and instruments (e.g. the Opioid Risk Tool and Screener and Opioid Assessment of Patients with Pain) be used to predict the risk of future aberrant drug-related behaviours [5] . However, these tools do not necessarily identify people who are at greatest risk of long-term use or harm not associated with aberrant drug-related behaviours. Therefore, we sought to identify trajectories of prescription opioid analgesic use and determine predictors of persistent opioid analgesic use among people without cancer in Australia.
Methods

Study design and setting
We undertook a retrospective population-based cohort study of people who initiated prescription opioid analgesics between July 2013 and December 2015 in Australia using data from a random 10% sample of people who accessed medicines through Australia's Pharmaceutical Benefits Scheme (PBS). The PBS is a national government-funded system that subsidizes prescription medicines for citizens, permanent residents and foreign visitors from countries with reciprocal health care agreements [18] . For research purposes, the Australian Government Department of Human Services provides access to a 10% random sample of people accessing medicines through the PBS [18] . This sample is considered representative of PBS dispensing for all Australian residents. At the end of 2016, Australia had an estimated total population of 24 million [19] .
Since July 2012, all dispensings for PBS-listed medicines in approved community pharmacies, private hospitals and some public hospitals (excluding dispensings during admission as an inpatient in hospital) have been captured in PBS records. Concessional beneficiaries (e.g. pensioners and low-income earners) are entitled to subsidized rates on all PBS-listed medicines and pay a reduced co-payment amount, while general beneficiaries are entitled to subsidized rates on higher-cost medicines priced above a set co-payment amount. As of 1 January 2018, the maximum co-payment for concessional beneficiaries is AUD6.40 (USD5.02) and AUD39.50 (USD30.97) for general beneficiaries [20] . The study period was chosen to reflect the period during which data on dispensings of under co-payment medicines were first recorded in the PBS dataset. As of 2013, PBS dispensing records are estimated to account for more than 80% of prescription opioid use in Australia [21] . The dataset captures medicine information including name, strength, quantity, item code, date dispensed, date prescribed and number of repeats authorized. The dose prescribed, duration of treatment and indication for medicine use are not available.
Study population
Adults aged ≥18 years who were new opioid users between July 2013 and December 2015 were included to allow for a follow-up period of 12 months ( Figure 1 ). As the dataset does not provide actual age for people ≥100 years, we excluded those who were ≥100 years. New users were defined as those with no preceding opioid dispensings in the 12 months prior to the initial opioid dispensing. As the focus of this study was on people without cancer (i.e. non-cancer pain), we excluded those with evidence of a dispensing for a cancer medicine (Appendix S1) at baseline or in the 12 months prior to initiating prescription opioid analgesics. We also excluded people who died (n = 9103, 1.6%) during the follow-up period.
Definition of persistent opioid use
We defined persistent/non-persistent opioid use using two steps. Firstly, people who were dispensed opioids only at baseline were all categorized as non-persistent users (Figure 1 ). For the remainder of the cohort (i.e. those dispensed opioids in at least two months), persistent use was identified through a group-based trajectory model (GBTM) [22, 23] . Although, there are several methods for studying medication persistence, we opted to use GBTM to define persistence as prior research has found that the number of people identified as continuing long-term use of opioids varies depending on the explicit criteria used to define persistence [24] . Additionally, when using explicit criteria, there is no single appropriate definition of long-term opioid use and the definition applied should depend on the specific research question [24] . Consequently, we opted to use a GBTM which avoids the need for explicit criteria defining persistence to be specified. Instead, persistence was defined by the patterns of opioid dispensings for the cohort over a 12-month period following initiation [25, 26] . For each month, we created a binary variable that indicates whether an opioid dispensing occurred during that month or not. Using patterns of dispensings, people were assigned to various trajectories based on the highest estimated probability that they belong in that group. A third-order trajectory model with four groups was determined to have the best overall model fit based on Figure 1 Flow diagram of study cohort the highest Bayesian information criterion (BIC) value, convergence and an estimated probability of group membership of ≥5% [23] . Those assigned to Trajectory 4 (shown in Figure 2 ) were defined as persistent users, while those assigned to Trajectories 1-3 were collectively defined as non-persistent users. The total number of non-persistent users in the cohort included individuals who were only dispensed opioids at baseline as well as those assigned to Trajectories 1-3.
Baseline opioid use
The opioid at the initial dispensing was categorized as either strong or weak. Strong opioids included [27] : morphine (Anatomical Therapeutic Chemical [ATC] code N02AA01), oxycodone (N02AA05, N02AA55), buprenorphine (N02AE01), fentanyl (N02AB03), hydromorphone (N02AA03) and methadone (N02AC52). Weak opioids included [27] : singleingredient codeine (R05DA04) and combination codeine preparations (N02AA59, N02AJ06), tramadol (N02AX02) and tapentadol (N02AX06). Individuals dispensed both a weak and strong opioid at baseline were categorized as having initiated a strong opioid. The route of administration was categorized as oral, transdermal or other (intravenous, subcutaneous or intramuscular injections, buccal, rectal). For the initial opioid dispensing, the total oral morphine equivalent (OME) amount dispensed was calculated using the following formula:
Total OME dispensed ¼ pack strength
The OME conversion factors (Appendix S2) were adapted from published values by Nielsen et al. [28] . The total baseline OME dispensed was categorized into four groups: total OME < 250, 250-499, 500-749 and ≥750. The subsidy level of the initial opioid dispensing was categorized as concessional (marker of lower socioeconomic status) or nonconcessional.
Medical conditions and comorbidities
RxRisk-V was used to provide a measure of comorbidity for each person [29] . The RxRisk-V tool uses records of dispensed medicines to identify existing medical conditions from 45 ATC code groups. An adaptation of the RxRisk-V tool was used incorporating ATC codes for newly registered medicines to ensure potential comorbidities were not missed (Appendix S1). Australian findings have previously indicated that the RxRisk-V tool identified fewer people with cancer compared to the Charlson comorbidity index which is widely used to assess disease burden (43.2% vs. 67.2%) [30] and hence, we developed a more comprehensive indicator of cancer to capture other antineoplastic therapies such as hormonal cancer therapies. Comorbidities of particular interest were depression, psychotic illness, alcohol and nicotine dependence, as these have previously been shown to predict persistent use of opioids [13] [14] [15] . The total number of other comorbidities identified using RxRisk-V (excluding comorbidities of particular interest) were classified into four groups: 0, 1-2, 3-4 and ≥5.
Previous medicine use
To assess previous pain treatment, we also examined use of non-opioid analgesics at baseline and in the 12 months prior to initiating an opioid analgesic. These included: paracetamol (N02BE01), pregabalin (N03AX16) and non-steroidal antiinflammatory drugs (NSAIDs) (M01AB01-M01AH06). Use of psychotropic medicines that are commonly implicated in opioid overdose [31, 32] , were also examined at baseline and in the 12 months prior to opioid initiation and included benzodiazepines (N05BA, N05CD) and stimulants (N06BA, N06BC).
Statistical analyses
Baseline characteristics of the cohort are presented as frequencies and percentages or means and standard deviations (SD). Multivariable logistic regression was used to identify predictors for persistent opioid use compared to nonpersistent use and to calculate adjusted odds ratios (ORs) and 95% confidence intervals (95% CI). Predictors included age, sex, concessional status, characteristics of the initial Figure 2 Trajectories of opioid use in people dispensed opioids in >1 month. Persons in Trajectory 4 (8.9% of those included in the group-based trajectory model) persistently used opioids in the 12 months following initiation. Persons in Trajectories 1 (48.4%), 2 (33.9%) and 3 (8.8%) were collectively considered as non-persistent users, as the patterns of the trajectories suggest minimal opioid dispensings over the 12-month follow-up opioid dispensing (strong opioid, total OME dispensed and route of administration), depression, psychotic illness, alcohol dependence, nicotine dependence, migraine, total number of other comorbidities, and prior use of benzodiazepines, paracetamol, NSAIDs, pregabalin and stimulants. Multicollinearity between variables was assessed using variance inflation factors, tolerance and eigenvalues. There was no evidence of multicollinearity between predictors in the final model. The c statistic of the logistic regression model was used to evaluate the explanatory power of the model. All analyses were conducted using SAS Version 9.4 (SAS Institute Inc., Cary, NC, USA).
Sensitivity analyses
We repeated the main analysis by stratifying across three age groups (18-64, 65-84 and ≥85 years) to assess whether the strength of the predictors vary across age. To explore the effect of our definition of persistence, we conducted a sensitivity analysis by using an alternative definition of persistence which identifies non-persistence based on gaps between months with opioid dispensings. All opioid initiators without cancer who had ≥3 consecutive months without an opioid dispensing were defined as non-persistent users. Those who had a gap of ≤2 consecutive months without an opioid dispensing in the 12-month period were defined as persistent users.
Ethical review
The study was approved by the Monash University Human Research Ethics Committee.
Results
Cohort
The cohort consisted of 431 963 people without cancer who were initiated on opioids (Figure 1 ). Baseline characteristics are described in Table 1 . The mean (SD) age for the final cohort was 48.4 (18.4) years and 53.0% were female. The mean (SD) total number of comorbidities (excluding those of particular interest) for the cohort was 2.3 (2.1). Paracetamol/codeine was the most common opioid initiated (57.8%), followed by oxycodone (26.1%). The 9103 people that were excluded from the study due to death were older (79 (13.7) years) and had higher mean total OME dispensed at baseline (270 mg (380.55)) compared to the main study cohort. Additionally, the oral route of administration was most common in those who died during the follow-up period, but not as common as it was in the main cohort (67.5% vs. 98.3%). Other routes of administration (intravenous, subcutaneous or intramuscular injections, buccal, rectal) were more common than in the main cohort (16.4% vs. 0.1%), as was the transdermal route (16.2% vs. 1.6%).
Description of persistent opioid users and non-persistent opioid users
A total of 11 323 (2.6%) persistent opioid users were identified (Trajectory 4 in Figure 2 ). All individuals who were identified as persistent users had dispensings in 7 or more months and 53.3% had dispensings in 10 or more months during the 12-month period. In total, 80.1% of persistent users did not have longer than one 3-month period without an opioid dispensing. The mean age of persistent users was 64.4 (18.3) years and 58.1% were female (Table 1) . Non-persistent opioid users (n = 420 640) had a mean (SD) age of 48.0 (18.2) and 52.8% were female. Paracetamol was used by 46.6% of persistent opioid users, compared to 12.5% of non-persistent opioid users. The mean total number of comorbidities for persistent users was 5.1 (2.8) compared to 2.3 (2.0) for non-persistent users. History of depression and psychotic illness was more common among persistent opioid users than non-persistent opioid users (37.8% vs. 18.1%, 9.4% vs. 2.3%). A strong opioid was prescribed to 47.7% of persistent users at baseline and 27.4% of non-persistent users. The oral route of administration was most common (83.6% for persistent users vs. 98.7% for non-persistent users), followed by transdermal formulations (16.1% vs. 1.2%). Of the 16.1% of persistent users prescribed transdermal products at initiation, 89% of these were initiated on buprenorphine patches, while 11% were initiated on fentanyl patches. The mean (SD) total OME dispensed at baseline for persistent users was 262.4 mg (385.6) compared to 127.3 mg (172.7) in the non-persistent group. Oxycodone was the most commonly dispensed opioid (30.7%) at baseline in the persistent group, whilst paracetamol/codeine was the most commonly dispensed opioid (58.6%) in the non-persistent group.
Predictors of persistent opioid use
Predictors of persistent opioid use are shown in Table 2 . The c statistic of the logistic regression model was 0.83. Compared to people aged 18-44 years, those ≥75 years were 2.5 times more likely (95% CI 2.27-2.64) to be persistent opioid users. A baseline total OME ≥ 750 mg was the strongest predictor of persistent opioid use compared to a baseline total OME >250 (OR = 3.68, 95% CI 3.34-4.06). Other predictors of persistence include being dispensed transdermal opioids (OR = 4.21, 95% CI 3.93-4.51), having depression (OR = 1.59, 95% CI 1.52-1.66), psychotic illness (OR = 2.01, 95% CI 1.87-2.17) and nicotine dependence (OR = 1.65, 95% CI 1.48-1.83). Previous use of non-opioid analgesics including NSAIDs (OR = 1.22, 95% CI 1.17-1.27), paracetamol (OR = 1.96, 95% CI 1.86-2.05) and pregabalin (OR = 1.96, 95% CI 1.83-2.10), predicted opioid persistence. Similarly, previous use of benzodiazepines (OR = 1.48, 95% CI 1.41-1.55) also predicted opioid persistence. Concessional beneficiaries were 1.9 times more likely (95% CI 1.80-2.00) to be persistent opioid users.
Sensitivity analyses
In a sensitivity analysis using an alternative definition of persistent opioid use, the predictors remained the same when compared to the main analysis (Appendix S3).
In sensitivity analyses where we stratified by age (Appendix S4), we found that the majority of the predictors of persistence were the same as the main analysis, with key differences in the strength of the prediction described below for each age sub-group. <65 years. In the sub-group aged <65 years, baseline total OME ≥ 750 mg was the strongest predictor of persistence 65-84 years. In the sub-group aged 65-84 years, being initiated on a transdermal formulation was the strongest predictor of persistence (OR = 4.24, 95% CI 3.85-4.68).
Being initiated with a baseline total OME ≥ 750 mg was found to be a weaker predictor of persistence compared to the main analysis (OR = 2.20, 95% CI 1.84-2.63). Prior benzodiazepine use was also a weaker predictor of persistence compared to the main analysis (OR = 1.27, 95% CI 1.18-1.37). Being female predicted persistence (OR = 0.90, 95% CI 0.85-0.97), whilst sex did not predict persistence in the main analysis.
≥85 years. In the sub-group aged ≥85 years, being initiated on a transdermal formulation was the strongest predictor of persistence (OR = 3.47, 95% CI 3.02-3.98). Additionally, being initiated on a strong opioid was found to be a stronger predictor in this sub-analysis (OR = 1.51, 95% CI 1.32-1.73), whilst a baseline total OME ≥ 750 mg was not found to predict persistence (OR = 0.94, 95% CI 0.62-1.40).
Prior benzodiazepine use was a weaker predictor of persistence compared to the main analysis (OR = 1.20, 95% CI 1.06-1.36). Being female predicted persistence (OR = 0.71, 95% CI 0.63-0.81) in this sub-analysis, whilst sex did not predict persistence in the main analysis.
Discussion
In this nationally representative cohort study of people initiating opioids in Australia, 2.6% of people without cancer were identified as persistent users during a 12-month period.
Opioid initiation with a transdermal formulation and higher total OMEs strongly predicted persistent use. Patient characteristics including older age, prior history of mental health comorbidities and use of non-opioid analgesics were also found to predict persistent use of opioids. Given that longterm opioid use is associated with several harms including addiction, motor vehicle accidents, overdose and death [12] , the findings from our study may be useful in guiding clinicians to better mitigate harms by identifying individuals at risk of long-term opioid use at the time of treatment initiation.
Our estimate of the percentage of people who are persistent opioid users is lower than a Canadian study where 10% of all individuals initiated on opioids for non-cancer pain in British Columbia between 2005 and 2012 were identified as long-term users (received at least 6 months of opioid therapy) [33] . Although the percentage of persistent opioid users was lower in our study, we defined persistence over a longer time period of 12 months. A Norwegian study using claims data found that 9.8% of people without cancer who were initiated on opioids were persistent opioid users using a wide definition of persistence (received a yearly total amount of opioids exceeding either 180 defined daily dose (DDD) or 4500 mg OME or both, in at least three out of four quarters of the year) [34] . Using a strict definition of persistence (received 10 or more dispensings of opioids, distributed in all quarters of the year, and receiving a total amount of opioids exceeding 730 DDDs or 18 000 mg OME per year), identified only 1.3% of opioid initiators as persistent users [34] . Our definition of persistence using GBTM avoids the need for explicit criteria to define persistence. Instead, persistence is defined by the patterns of opioid dispensings for the cohort. This was important as Svendsen et al. [24] found that there is no single appropriate definition for long-term opioid use when using explicit criteria.
The complex bi-directional relationship between pain and depression is well documented in the literature [33] [34] [35] . Schaakxs et al. [36] found that pain, based on a combination of pain intensity and pain disability experienced, was a strong risk factor for depression. Additionally, depression is associated with developing chronic pain [34] . People with chronic pain and depression report worse pain severity and functioning compared to those with either condition alone [35] . Goesling et al. [37] found that people with depression were equally likely to be using opioids regardless of pain severity and were more likely to take them at higher levels of functioning compared to people without depression. Our finding that people with mental health comorbidities are at greater risk of long-term opioid use are consistent with US studies [14, 15] . Hence, our study demonstrates that mental health comorbidities increase the risk of long-term opioid use and further supports current guidelines [5] recommending that clinicians should exercise additional caution and increased monitoring when prescribing opioids for people with mental health conditions. Our findings are particularly important as major depression and the use of psychotropic medication have been found to be associated NSAIDs, non-steroidal anti-inflammatory drugs a Other route includes buccal, rectal and parental routes b Determined by RxRisk-V and total number of comorbidities excludes the specific comorbidities listed in table Table 2 Predictors of persistent opioid use (n = 11 323) compared to non-persistent users (n = 420 640) with an increased risk of opioid misuse [38] . Additionally, Scherrer et al. [39] found that people who were in a period of depression remission and initiated opioids had double the risk of depression recurrence compared to those not taking opioids. Furthermore, studies in Australia have found that a history of mental health disorders is common among people who died due to prescription opioid overdose [40, 41] . Therefore, prescribers need to establish a comprehensive multimodal management plan for people with mental health comorbidities and if a trial with opioids is necessary, consider ongoing review of opioid effectiveness, dose and duration. Use of transdermal formulations and higher total OME dispensed at baseline were both found to be strong predictors for persistent opioid use in our study. Similarly, Shah et al. identified that people who were initiated on higher doses of opioids were more likely to continue taking opioids for ≥1 year [13] . Although there is no ceiling dose for opioids, recommendations from recent guidelines are to start at low doses and titrate up as required to a maximum daily OME dose of 90 mg, reviewing benefit and monitoring for adverse effects at each stage [4, 42, 43] . The prescribed dose and indication for the initial opioid dispensed were not available and, therefore, it was not possible to evaluate concordance with dosing recommendations. It is possible that higher total OME may be prescribed at initiation selectively to those that have chronic pain and may therefore invoke selection bias. However, this prescribing practice is not consistent with current treatment guidelines [4, 42, 43] that suggest that if an opioid is trialled, it should be trialled at the lowest dose and for the shortest expected duration, and therefore may highlight a discrepancy between guideline recommendations and current practice. Notably, a previous study by Gadzhanova et al. evaluating the proportion of residents in care homes for the elderly who were opioid-naive in the 4 weeks prior to patch initiation, found that of those who were initiated on a fentanyl or buprenorphine patch, 34% and 49% were opioid naive, respectively [44] . Interestingly, in our study, opioid initiation with a transdermal formulation was found to be the strongest predictor of long-term opioid use, particularly in the 65-84-year age group. As the characteristics of the opioid initiated are selected by prescribers, our study highlights the important role of the initial opioid prescriber in contributing to the continuation of opioid use in the long term.
We found that people aged between 45 and 54 years of age were 1.7 times more likely to be persistent opioid users than those aged 18-44 years. In previous studies, younger age has been associated with opioid persistence following surgical procedures [45, 46] . Younger age has also been associated with the greatest risk of harm, particularly dependence and overdose [47, 48] . In Australia, the largest proportion of opioid overdose deaths (in those without an injecting history), occur among people aged 40-49 years [40, 41] . Although younger age has been associated with an increased risk of harm, we identified that individuals ≥75 years of age were most likely to be persistent opioid users. Similarly, a study in Germany found that those aged <40 years with CNCP had an increased risk of opioid discontinuation compared to those aged >70 years [49] . One reason for the higher rates of persistent use among older people is the higher prevalence of severe and chronic pain among people in this age group [50, 51] . Guidelines recommend more cautious prescribing of opioids in older individuals [5] , as they are more susceptible to adverse events from opioids such as confusion and falls [11] . This is due to increased comorbidities and pharmacokinetic changes (e.g. reduced renal clearance) and, hence, use of lower opioid doses is recommended [5, 42] . Encouragingly, in our sub-group analyses, a baseline OME ≥ 750 mg (e.g. oxycodone 20 mg, 28 tablets) was not found to be a predictor of persistent use among those aged ≥85 years.
Concessional status (a marker of lower socioeconomic status) was also found to be a predictor of long-term opioid use. Lower socioeconomic status has previously been associated with higher opioid utilization when measured as OME per day [48] . It is possible that chronic pain is limiting working ability for people living with CNCP [52, 53] . Hence, understanding the patterns of dose escalations in those using long-term opioids may assist in identifying opioid tolerance and potential markers of problem use. Future research should also investigate the time to dose increases and progression from a weak to a strong opioid among persistent opioid users.
Strengths and limitations
A key strength of our study is that we used data from a 10% random sample of people accessing medicines through the PBS over a time period where under co-payment data was captured, therefore including the majority of opioid users in the sample. However, our study may not necessarily reflect the characteristics of all persistent prescription opioid users in Australia as non-subsidized (or private) prescriptions were not captured in this dataset. In 2011, it was estimated that private prescriptions for all medicines represented only 7.2% of community prescriptions [19] , therefore it is likely that the majority of medicine dispensings were captured in our dataset. Temporary residents from 11 countries with which Australia has reciprocal health care arrangements are eligible for subsidized prescription which may lead to misclassification of these people as new opioid users or non-persistent users if they visit for a short period. However, dispensing of opioids to visitors from the 11 countries with reciprocal healthcare arrangements represents a very small percentage of PBS dispensing in Australia. Inclusion of people who died during the follow-up period would have increased misclassification of persistent users as non-persistent users. Our results indicate that those who died may have been initiated on opioids for palliative purposes, given that use of oral formulations was less common. As we used dispensing data, it is not possible to determine the cause of death for those excluded.
The c statistic (0.83) indicates that the explanatory power of our model was high. However, as this was a database study, we were unable to include predictors such as patient expectations of opioid use which has previously been found to be a strong predictor of persistence at one year [15] . We also did not have information on pain intensity, number of days with pain or the dose and indication for opioid treatment. Interestingly, Thielke et al. [15] found that a chronic pain prognostic risk score (calculated from baseline measures of pain intensity, pain-related interference with activities, number of days with pain in the prior 6 months and widespread pain) did not predict continuing opioid use one year after initiation. Indication for pain was also not available and, therefore, whether certain pain types including back pain or osteoarthritis predict persistent use is unclear.
As we used dispensing data to estimate comorbidities, it is possible that some people may not be receiving pharmacological treatment for a condition or may be taking medicines for conditions not captured by the RxRisk-V tool and, therefore, we may not have identified all comorbidities. However, we used a validated tool, the RxRisk-V tool, which has been shown to predict mortality in both Australian and international studies [30, 54, 55] . Additionally, Sloan et al. [29] demonstrated that the RxRisk-V tool categories are stable over time and valid against international classification of diseases (ICD-9) criterion diagnoses. RxRisk-V tool has been mapped to ICD-9/10 codes and the terms used are consistent with the terminology used in these classification systems. Antipsychotic use is considered indicative of psychotic illness in the RxRisk-V tool; however, in older people this may reflect use for behavioural and psychological symptoms of dementia rather than psychotic illness. Additionally, although we used a comprehensive indicator to exclude people who have cancer, there is a possibility that some people who have cancer may not have had medicines dispensed for cancer and were therefore not captured.
Conclusion
Our study identified that 2.6% of people without cancer who initiate opioids in Australia become persistent users over a 12-month period. Mental health comorbidities, older age, prior analgesic use, initiation with transdermal formulations, strong opioids and higher total OMEs, all strongly predicted persistent opioid use. Overall, understanding the range of characteristics predicting long-term opioid use will enable prescribers to target monitoring and early intervention efforts in order to prevent future opioid-related problems developing. Future studies should explore the time to dose increases and progression from a weak to a strong opioid among persistent opioid users.
